ABSTRACT
INTRODUCTION
The increasing regionalization of economic activities and the liberalization of financial markets since the late 1980s resulted in regional economic integrations 1 around the world. Due to the increasing interdependence of major financial markets all over the world, the transmission of stock market information among the major Asian markets has become a much researched topic.
Early research focused exclusively on the spillover of the first moment, i.e. the return among the major stock exchanges (Eun & Shim, 1989 , Joen & Furstenberg, 1990 and Cumby, 1990 .
But, studying the stock market co-movements is a joint study of information spillover both in terms of returns as well as the volatility of returns. Volatility linkages, i.e. inter-market linkages in the conditional second moments of stock price is the another significant aspect of international 1. Regional economic integration can take place among the markets within the same region because of so many factors, such as economic ties among the countries, lower geographical distance, foreign investments, contagion effect etc.
financial relations. Several studies, such as (Kyle, 1985) have pointed out that much of the information would be revealed in the volatility of stock prices, rather than the price itself.
There are several reasons to analyze the cross-border volatility spillovers. In addition to various domestic factors, volatility of major foreign trading partners is one of the important determinants of stock return volatility in a domestic market. From the practitioners' point of view, they are interested to analyze the volatility with a view to assess the risk associated with various financial assets (Merton, 1980) and to facilitate the valuation of different financial products along with the development of different hedging techniques (Ng, 2000) . As far as the academics are concerned, they believed that the changes in volatility reveal the arrival of new information (Ross, 1989 ).
This paper attempts to investigate the first and second moment interactions among Indian equity market with that of twelve other Asian countries. It is very well known that the volatility of stock return series is time varying, both intra-day and across the days. In light of this fact, application of Vector Auto Regression (VAR) 2 technique, assuming time invariant conditional variances; to investigate the transmission of stock price movements may not cover all the aspects of the transmission mechanism. Therefore, this study has examined the transmission mechanism of the conditional first and second moments in the stock prices across the markets allowing for changing conditional variances. The Generalized Autoregressive Conditional Hetroscedasticity (GARCH) model introduced by Engle (1982) and Bollerslev (1986) has been used to account for the time-variant conditional variances. Our results, based on daily price observations from November 1997 to April 2008, ensures that apart from different degrees of correlations, both in terms of return and squared return series, among Indian stock market with that of other Asian countries, the contemporaneous intraday return spillover among India and almost all the sample countries are found to be positively significant and bi-directional where as the same in terms of volatility is basically unidirectional, i.e. either from other Asian countries to India or vice versa.
As far as the lagged spillover of market information is concerned, though most of the information gets transmitted among the markets without much delay, some amount of information, both in terms of return and volatility, still remains and can successfully transmit as soon as the market opens in the next day
The rest of this paper is organized as follows: Section 2 presents a brief and critical review of existing literature relevant with this study and pointed out the possible efforts trying to achieve through the study. The details of data used are presented in section 3. Section 4 gives a 2. Interdependence among more than one market can be examined through a Vector Auto Regression technique where every endogenous variable in a system is modeled as a function of the lagged values of all of the endogenous variables in the system. comprehensive description of the methods and the tests applied in the study. The analysis of major empirical findings is shown in section 5, followed by the conclusion in section 6.
REVIEW OF LITERATURE
There is a diverse amount of literature on the stock market integration and information spillover (both in terms of return and volatility) across the markets. Some studies have examined only the return spillover across the markets, while some other studies consider both the first and the second moments of equity prices to examine the cross border spillover. Apart from examining only the presence of such interdependence among the equity markets, some authors have also focused on the impact of some special events such as market crisis, market liberalization etc. on the spillover of information across the national borders. All the above studies aimed at examining only the spillover of information among the national equity markets, but there are also some studies that focused on the possible factors or in short, the determinants of such information spillover among different markets. Elyasiani (1998) , Janakiramanan (1998) , Gilmore (2002) , Hsiao (2003) , Leong (2003) , Nath (2003) , Bessler (2003) , Mukherjee (2005) , Alexandr (2008) , etc. are some of the important studies where the examination of return spillover across the markets has been the only concern.
By applying the Vector Auto Regression model, Janakiramanan (1998) and Hsiao (2003) have tried to examine the possible linkages between the stock markets in the Pacific-Basin region and the Asia-Pacific region respectively with the US. The unidirectional linkages from the US market to the others are found to be significant in both the studies. Leong (2003) have analyzed the interdependence of five East Asian stock price indices where some of the pairs of markets are found to be cointegrated. Elyasiani (1998) Unlike only return spillover, studies examining the spillover of information both in terms of return and volatility includes Hamao (1990) , Christofi (1999) found large and predominantly positive volatility spillovers and volatility persistence in conditional volatility between MENA and world stock markets, volatility spillovers within the MENA region are found to be higher than cross-volatility spillovers for all the markets. At the same time, while examining the dynamic linkage between the MENA countries, Alkulaib (2008) have found some regional inconsistency in the information spillover among the markets. Gębka and Serwa (2007) have also supported the fact that even if being significant both within and across the region, intra-regional volatility spillover is more pronounced than the inter-region spillover. Morana and Beltratti (2008) 
METHODOLOGY
Though there are different methods of testing the spillover of information among the national markets, ARCH family of models is very well known in case of financial time series data. In order to capture the changing volatility in a time series, our study is based on simple GARCH (1, 1) model pioneered by Engle (1982) and Bollerslev (1986) . The GARCH (1, 1) model is applied with different specifications based on the objective of the study and therefore is categorized into the following three sections.
Basic GARCH Model for Intraday and Overnight Return
We have first set up and estimate the basic GARCH (1, 1) model for intraday and overnight return series of all the sample equity indices taken from different Asian equity markets. 
GARCH Model for Intraday (Open-to-Close) Information Spillovers
To capture the contemporaneous and dynamic effect of foreign market volatility on both the return as well as risk (i.e. volatility) of the domestic market, the specification for the conditional mean and variance equation, as mentioned in Model 1, is modified in such a way so that we can separate 5 the risk estimator of the conditional mean equation into two parts: a risk measure derived from the own market's volatility and the risk measure capturing the volatility spillover from foreign markets. Though it is well known that the actual information is revealed in the movement of the returns, i.e. in the volatility of the return, the levels of the foreign stock market return may also be important while determining the returns of domestic market. Therefore, we have included also the foreign market return series, along with the risk measure, as one of the exogenous variable in the conditional mean equation of Model 2. While forming the variable of volatility spillover, we have used the variance, rather than the squared residuals, derived from the 3. Unlike in simple GARCH model, the GARCH-in-Mean model includes the conditional variance or its square root in the conditional mean equation along with other explanatory variables.
4. The coefficient of the ARCH and GARCH term can be represented as the recent and old news coefficient respectively. The un-conditional variance can be calculated as α 0 / (1 -α 1 -β 1 ) 5. The separation of the risk terms in the mean equation and the inclusion of them as exogenous variables in the variance equation ensure to investigate the complete effect of foreign market volatility spillover on the return and volatility of domestic market.
basic GARCH (1, 1) model as mentioned above. Therefore, the GARCH model of information 6 spillover as mentioned above is set up as follows: The purpose of including the lagged foreign market intraday return and volatility is to ensure the transmission of some information which fails to be transmitted from one market to another on the same day, but can be transmitted just in the next day. Therefore, an effort has been made to capture the spillover of information, both within the same day (Contemporaneous) and also across the day (Dynamic). Here, it is assumed that neither market can lead or lag beyond one day, and therefore the spillover variables are specified only with one day lag, i.e. at day (t-1).
GARCH Model for Overnight (Close-to-Open) Information Spillovers
The above model estimates the contemporaneous and dynamic spillover of information from foreign markets when the markets, i.e. the stock exchanges of different countries are open.
But there may be some spillover of information that occurs when no trading takes place. It is well 6. The present study concerns both the return and volatility spillover from the foreign markets. Since the market information is captured into both the first and second moment of the stock price, the return and volatility spillover can collectively be known as information spillover.
7. When the trading period in the stock exchanges of different countries are fully or partly the same, the stock exchanges are said to be overlapped. Almost all the sample Asian countries exhibit overlapping (may not be fully) trading period in a day.
known that an overlap in the trading period intervals across the markets may induce positive correlation in the returns and volatility of the markets (Hamao, 1990) . Information relating to the concurrent intraday return in the foreign market may be transmitted to the overnight returns in the domestic market. This essentially accounts for the impact of overnight foreign trading on the opening price in the domestic market. Since all the countries selected in this study are more or less from the same region, there is a great chance of overlapping in the trading periods of all the stock exchanges. As far as our knowledge is concerned, the simplest way to find out the overnight information spillover, without going deep into the exact trading intervals of all the exchanges, is to examine the impact of recent (i.e. on day t-1) foreign market intraday trading on the overnight return of the domestic market on day t. This will ensure the overnight spillover effects from foreign markets to the domestic market and vice versa. The GARCH model of overnight information spillover, namely Model 3, estimates the spillover effects in both the conditional mean and conditional variance of the overnight returns in the domestic market such that 8. The redundancy of the volatility spillover variables both in the conditional mean and variance equation is jointly examined by the F test Log Likelihood Ratio test under the null hypothesis that the values of respective coefficients are equal to zero. Since examination of the volatility spillover is our main concern in this study, the F test and LR test is restricted only to the information spillover in terms of the second moment, i.e. the volatility or variance.
EMPIRICAL RESULTS
The empirical results and findings derived from the present study are broadly categorized into two sections -initiated with some preliminary analysis, and then move to the final analysis based on the main objectives modeled in different GARCH framework. The preliminary analysis includes the analysis of different descriptive statistical measures followed by the analysis of comovements among the equity returns and also among the volatility of equity returns of India and its major Asian counterparts.
Preliminary Analysis
The summary statistical measures of the stock index returns of India and its major Asian counterparts are described in Table 2 . The test is performed for all the three series of returnsDaily, Intraday, and Overnight. Almost all the return series for all the sample markets are found closer to zero, and specifically negative for the intraday return series. This clearly reveals a negative change in the value of equity indices within a day, in almost all the sample markets. As far as the standard deviation measure of different return series is concerned, daily returns shows higher variation, followed by intraday return and then the overnight return. One more common but interesting observation is that the standard deviation is significantly higher during the trading period (i.e. for intraday return) than the non-trading period (i.e. for the overnight return) for the equity index of almost all the Asian markets. It ensures higher volatility during the periods when market is open comparative to the periods when there is no trading in the market. Most of the return series in majority of the markets possess a negative skewness that supports greater chances of higher actual returns than the average, in most of the markets. At the same time, higher values of kurtosis in case of overnight return in all the markets suggests the presence of extreme deviation or movement in the return when the market is closed, i.e. over the night.
As far as the co-movement among the markets is concerned, one of the simplest ways is to examine the correlation structures among the markets both in terms of return and volatility of returns. All the three return series -daily, intraday and overnight are considered separately to find out the correlation among the markets. The contemporaneous correlation for daily return series is based on the daily returns on day t which result in overlapping holding period. While the same for the intraday return is based on the Open-to-Close return series on day t. The contemporaneous correlation for the overnight return series is little different from the others and is based on the Close-to-Open return series of domestic market on day t and the Open-to-Close return series of foreign market on day (t-1). The correlation structure for the volatility series is just the same where the squared returns are taken as a proxy for volatility. These correlation measures help to build up some idea about the linear 9 inter-linkage among the markets. Apart from the Pearson's measures of coefficient of correlation, one of the easiest way to look into the comovements among the equity market of different country is to see the line diagram where the price of some representative major stock indices in both the markets are plotted against time. The convergence of both the lines at any point of time reveals the possible interlinkages among the equity market in India and its major Asian counterparts. Table 3 reports the correlation among the returns and also among the volatility of returns in India and its Asian counterparts. The correlation test is performed for all the three return series.
The table confirms that almost all the return and volatility correlations except a very few are positive, indicating a common response to some global information. 
Basic GARCH Results for Intraday and Overnight Return
The Basic GARCH (1, 1) model of intraday and overnight return series is mainly set up not to test any spillover effect, but to estimate the spillover variables in terms of volatility in both the markets viz. India and its Asian counterparts. Due to the shortage of space, the results of the basic GARCH model are not presented in the study, but will be available on request test the volatility spillover from other Asian countries to India. Similarly, the variance series of SENSEX return is used to test the volatility spillover from India to those other Asian markets.
Results on Intraday Information Spillover
The results on the intraday spillover of information both in terms of the first and second moment of stock price are broadly divided into two parts -Contemporaneous spillover and Dynamic spillover. In case of contemporaneous intraday spillover, emphasis is given on the simultaneous spillover of information among the markets within a same day, i.e. intraday. At the same time, in case of dynamic intraday spillover, the spillover variable considered here is of intraday, but lagged by one day. In other words, we have examined whether there is any spillover of recent or lagged intraday information from foreign market to the intraday operations of the domestic market. Here, it is assumed that due to the difference in trading time and due to some weak information transmission mechanism, any information generated in one market during a day may fails to be transmitted in other market completely during the same day. In that case, some amount of information may get transferred in the next day. Therefore, along with the contemporaneous spillover of information among the markets, there may be some possible information spillover lagged by some time, here by one day. The results of these two types of spillover -Contemporaneous and Dynamic are tabulated separately in Table 4 to The results of contemporaneous return spillover, as exhibited in Table 4 and Table 5 , confirm a significant bi-directional spillover of returns between India and its major Asian counterparts, except only with Sri Lanka. The results exhibited in the 5 th column of Table 4 and Table 5 respectively reveals the significance of foreign market (major Asian counterparts of India) volatility on Indian equity return and the significance of Indian volatility on the return of its other Asian counterparts. Table 4 confirms that the intraday equity return in India is significantly influenced by a contemporaneous intraday volatility spillover from Korea, Pakistan, Singapore and Taiwan. At the same time, the intraday volatility in Indian market, as exhibited in Table 5 , is found to have a significant impact on the intraday equity return of Philippines and Sri Lanka only.
These results support the fact that foreign market volatility not only affects the volatility of the domestic market, but also may affect domestic market return as well.
The previous paragraph reveals the spillover of foreign market intraday information to affect only the intraday return of the domestic market. The results of contemporaneous volatility spillover, as reported in column 9 of Table 4 , shows a significant spillover of intraday volatility from Hong Kong, Indonesia, Korea, Singapore and Thailand to affect the intraday volatility in India. At the same time, there is hardly any volatility spillover, as reported in column 9 of Table   5 , from Indian market to its major Asian counterparts, except only to Pakistan and Sri Lanka.
These two are the only Asian market, within the specific sample, the equity volatilities of which are influenced by the volatility of Indian equity market. These results clearly depicts the fact that though there is a contemporaneous bi-directional information spillover in the returns of India and its major Asian counterparts, the same is not true as far as the volatility among the markets are concerned.
As we have discussed earlier, apart from some contemporaneous information spillover, the presence of market imperfection may lead to spillover of information from foreign to domestic market lagged (at most) by one day. Results on the dynamic information spillovers from other Asian markets to India and also from India to its major Asian counterparts are exhibited respectively in Table 6 and Table 7 . The first table clearly reveals a significant information spillover only from Malaysia and Taiwan (in terms of return) and only from Hong Kong and Korea (in terms of volatility of returns) to India. Therefore, the stock market return in Malaysia and Taiwan and the volatility in the equity market of Hong Kong and Korea are found to play an important role to affect the same in Indian market, not only within the same day (contemporaneous) but also beyond the day (dynamic). At the same time, the lagged or dynamic intraday spillover (in terms of returns) from Indian market has been found to be significant to half of its sample Asian counterparts, viz. Indonesia, Japan, Korea, Malaysia, Philippines, and Taiwan.
But the same is not true for the volatility or variance series. Lagged intraday volatility of Indian equity return has been found to have a significant impact only on the intraday volatility of Sri Lankan equity market. Therefore, though there is a significant lagged return spillover from India to some of its major Asian counterparts, there is hardly any lagged volatility spillover in the same direction. As far as the impact of lagged foreign market volatility on the intraday domestic return is concerned, a significant spillover has been found only from Korea and Pakistan to India and from India to Philippines and Sri Lanka.
Therefore, the results as exhibited in Table 4 to Table 7 clearly reveals the fact that most of the intraday information gets spilled over from one market to another within the day itself.
Though there may be some chances of lagged or dynamic spillover of information, it has been found to be very poor and is limited only between a very few markets.
Results on Overnight Information Spillover
The above section has dealt with the spillover of information among India and its Asian counterparts during the time when the markets in both the countries are open, i.e. the spillover of information within the day when trading takes place. But in this section, an effort has been made to reveal whether there is any transmission of information from one market to the other over the night. In other words, this section deals with examining the possible impact of foreign market lagged (by one day) intraday information (both in terms of return and volatility) on the overnight trading of the domestic market. Here, we have tested such overnight information spillover both from other Asian countries to India and vice versa. In this section, it is assumed that whatever intraday information in foreign market remains to be transferred during the trading time, gets transmitted to the domestic market in the next day when the market opens. Therefore, in this section, we have tested the significance of foreign market intraday information at day (t-1) on domestic overnight trading at day t.
The results relating to overnight information spillover are reported in Table 8 and Table 9 . Table 8 reports the overnight return and volatility spillover from the other Asian countries to the Indian equity market. At the same time, any overnight spillover of information from India to its other Asian counterparts is exhibited in Table 9 . The results of overnight information spillover again can be analysed in two different sections. One is the impact of foreign market lagged return and volatility on domestic overnight return and the other is the impact of foreign market lagged volatility on the overnight volatility of domestic market.
If we look into the spillover effects on the overnight return of SENSEX (as reported in At the same time, if we focus on the impact of recent intraday foreign market volatility on the overnight volatility of the domestic market, as specified in the 9 th column of 
CONCLUSION
By applying the simple GARCH (1, 1) model with the spillover variables on the intraday (both opening and closing) price index data over a period from November 1997 to April 2008, an effort has been made to investigate the stock market integration and volatility spillover among India and 12 other Asian markets.
Spillover of information, both in terms of first and second moment of stock price, from foreign market to the domestic market is tested not only during the same day, but also across the day. In other words, the present study investigates the return and volatility spillover among India and its major Asian counterparts during trading (without any time lag and with a time lag of one day) and non-trading (over the night) hours. The purpose here is to test the transmission of market information not only when the market is open, but also in the absence of any trading, i.e. over the night.
Our study ensure that apart from different degrees of correlations, both in terms of returns and volatility of returns, among Indian equity index viz. SENSEX with that of twelve other Asian countries, there is a significantly positive and bi-directional contemporaneous intraday (open-toclose) return spillover among India and almost all the foreign countries except only with Sri Lanka. But unlike contemporaneous spillover, transmission of information lagged by one day, alternatively dynamic intraday spillover among India and its major Asian counterparts are not found to be stronger, especially in one direction, i.e. from other Asian countries to India. These facts clearly suggest that the information generated in Indian market gets transferred into other Asian markets not only on the same day but also in the next day. Now, as far as the spillover of volatility is concerned, we have tested the effect of foreign market volatility both in the return and volatility of the domestic market. Though the intraday volatility from few other Asian markets has been found to have a contemporaneous impact on the Indian intraday return, the reverse transmission is not so significant. At the same time, the impact of foreign market lagged or dynamic intraday volatility on the return of the domestic market has been found to be significant only for two out of twelve pairs of markets, in both the direction between India and other Asian countries. So far we have summarized how intraday information (both in terms of returns and volatility of returns) generated in foreign market can affect the intraday return of the domestic market. As far as the intraday volatility transmission is concerned, though there is a significant and contemporaneous spillover of intraday volatility from almost half of the foreign markets to India, the reverse is true only for two (viz. Pakistan and Sri Lanka) out of twelve markets. At the same time, the results for dynamic intraday volatility spillover among India and its major Asian counterparts has been found to be very poor and reveals the fact that volatility generated in one market gets transferred to another without much delay.
Unlike intraday information spillover, the interlinkages among India and its major Asian counterparts are not much significant in case of overnight spillover. If the overnight return spillover is taken into consideration, there is a significant spillover of information from almost half of our sample Asian markets to India. But the recent intraday return in Indian market has been proved to have a significant impact on the overnight return of almost all the sample Asian markets (except of two). This fact also made it clear that information generated in Indian market continues to get transmitted to the other market over the night and gets reflected in the return of the later as soon as the market opens. As far as the overnight volatility spillover among the markets is concerned, there is a significant volatility spillover from other Asian markets to India and also vice versa almost for half of the sample countries. If the results towards both the intraday and overnight volatility spillover are taken together, then a significant volatility transmission has been found from Hong Kong, Korea and Thailand to India in one hand and from India to Pakistan and Sri Lanka in the other. Therefore, to sum up:
There is a bi-directional contemporaneous intraday return spillover between India and its Asian counterparts;
Hong Kong, Korea, Singapore and Thailand are found to be the four Asian markets from where there is a significant flow of market information in India;
Among others, stock markets in Pakistan and Sri Lanka are strongly influenced by the movements in Indian stock market Unlike intraday information spillover among the markets, transmission of information over the night is not common between India and all sample Asian counterparts, but is more country specific, supported by both Correlation analysis and GARCH analysis.
Though most of the information gets transmitted among the markets without much delay, some amount of information still remains and can successfully transmit as soon as the market opens in the next day. 
